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1 Objectives 

T1, nl)j(r,iv, nf ,,,,s work is to develop methodologies for the efficient computation of 
11   Lie sensitivities using state-of-the-art CFD techniques   or use „, aerodynam, 
shape optimization and fluids-structure interaction analysis including 

|. Analysis of multiresolution schemes to compute sensitivities. 

2. Analysis of parallel implementation issues in sensitivity computations. 

3. Modification of a production CFD code for parallel multiresolution computation of 

sensitivities. 

4. Integration of sensitivities into airframe optimization. 

2 Status of Effort 
nr^l PFD code RAMPANT, has been modified to calculate sensitivities of three- 

^^^^O^^^so^c) inviscid flows with respect to .hapopa- 

J^I^Äsenriüviy Equation (SE) approach. The flow and ™W°*%™ 
a Ö 1 screiized and solved on a three-dimensional unstructured mesh using a fin te-volume 
: "w flux-difference splitting. The discretized sensitivity sys^m is mv^ed usmg a 
wo sweep point-implicit Gauss-Seidel relaxation. The algebraic multignd method ,s used 
TZrafconvergence of this iterative solver. Significant computational savings are 
oh. v n^w P-forming the flow and sensitivity solutions simultaneously since tins avouls 
dp" on of calculations common to both. Preliminary results have been obtained fiom 
twtivUy solver. The next step is to apply it to computing geometnc sens.Uv.ties for 
ii.o i.»inqmiir flow over a three-dimensional aircraft wing. 

A ;Troc hneTor Ihe efficient calculation of the sensitivity of fluid-structure mteraction 
mohlc ms 12 been developed. The procedure involves calculation of the flow sens.t.v.ty 
wi "peUo the geometric shape for the base configuration. The flow sensit.vit.es are 

ansferred to a structural finite-element solver which solves the direct and sensitivity 
probat^üt fluid-structure system without iterating between the flow and structural 

codes. 

3 Accomplishments/New Findings 

The accomplishments and new findings of the past year are l^ed b^W
R MpANT from 

1 Tmnlementation of the SE method in a production CFD code. RAIVll AIN i nom 
F,n nt nf Ts ä commercial CFD code for simulating compressible flows around com- 
nl x nt-dimensional geometries. Fluent's suite of CFD codes is the most widely-used 
"    o    ommeTIal CFD tools. Computation of sensitivity of the flow to geometric shape 
t meLTfor Liscid flows in the subsonic, transonic and supersonic regimes has been 

ZSZt RAMPANT. The sensitivities are calculated using the SE method ,n winch the 
«-clhlsional sensitivity system is formulated from "'^™, d«rf 
problem and then its discrete approximation »s denved.   The SE me hod ollen sigmi 
K I advantages in terms of efficiency, accuracy and flexibility over the quas-analyt c 
;    s  de    nsitivity method (which is used In automatic clilTcifü..linL.m.   oclmol      ■ 

RAMPANT source code was made available through the establishment of a strateg.c 



partnership between Fluent Inc. and Beam for transition of this technology to the com- 
on-ial marketplace. The implementation of the SE technology .n a popular CFD tool 
XmT U. lllogy available for solving industrial-scale problems to a arge aud.onco. 

T d lopment enables design optimization, aeroelasticity and llutter calculates using 
Ht^iÄrt CFD technology and is applicable in the transonic regime, a supports the 
Air Force objective of affordable design through new des.gn tools and methods. 

,ow sensitivity calculation on three-dimensional unstructured meshes:  Unst.uc- 
,„„;; ,noshes Treatly simplify the discretization of complex domains and offer the capa- 

rX tmlhL the solution evolves.  Implementation of the SE method on 
!;;!:,::„:;edPmlshes significantly simplifies obtaining How sensitivities for complex three- 

"TiwSS'algorithm to compute sensitivities: An algebraic multigrid algo- 
,i, ,„ is used to speed up the convergence of the iterative solver employed m the sens,ivty 
.«ion   Aeration is particularly important in cases with a large number of deign 

^TtZ^Z^^L solution and^nsitivity: ^-«^^ 
,,as close similarities with the linearized flow system. Concurrent solute of he How a, d 
"s ivity systems avoids unnecessary duplication of calculates common tobo .solvers 

an   sil ificantly reduces the computational overhead for obtaining the sens.t.v.ties. 
\"XnsWv Ucs using upwind schemes: Characteristic-based upwind schemes such as 

Roo's fluxUffnLc sphtting, are used to introduce the physical propert.es of the flow 
Z mi™ in to^hHisLtized formulation by accounting for the physica propagate of 
p?;, '„hätions along characteristics. Our implementation demonstrates the use of Roe s 
(lux difference splitting to discretize the sensitivity equations. 
'     0   MhTmaLa. fLework for efficient calculation of sensitiv ty of H»K -structure m- 
tora I ion- This framework provides the basis for the optimization of coupled flu d-structure 
v trsliy coupling now and structural analysis codes without requiring itera e between 
he Z   odes   In this method, the flow solution for the base configurate and its sen ,t.v- 

o   eome n   parameters are generated and transferred to the ^™™^"^ 
ode  T*e structural code then solves the direct and sensitivity problems for the coupled 

n      struct "sy tern using a modified stiffness matrix.   Both the flow sensit.v.ty and 
"^nSwo?The coupled fluid-structure system are calculated using the SE approach 
Tl i d v  opml is an important milestone in the development of pract.cal con.pual.onal 
,00 s o to oplization of flexible structures in the nonlinear transomc and lugh-alpha 
regte"    ^technology will benefit the Air Force in the aeroelastic optumzat.on of 

advanced airframes and missiles. 
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